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Abstract 

Remote sensed data obtained from L2iNDSAT-2 was confirmed that 
it is very useful for the monitoring of marine environment through 
the year around coastal area of Japan. Indeed more than one hund- 
red scenes which contains various oceanic phenomenas were already 
produced from MSS data and analyzed during the LANDSAT-2 investigat- 
ion term agreed with NASA. 

In this report, the author described the significant applicat- 
ions of LANDSAT-2 MSS data acquired over Japan in nearly three 
years and revealed several coastal features including red tide^,’ 
river effluent, coastal process and etc. with the supporting data 
obtained by air-born remote sensing using multispectral scanner. 

Sea surface data observed by ship as routine work and special 
experiment were al so used for data analysis as sea truth. In data 
analysis aspect, the author tried both analog processing and digital 
processing standing on application field. 


1 Introduction 

The objective of this LANDSAT-2 study is mainly inquiring the 
marine environment around Japan and monitoring of it.: So, -the' 
author set up the test sites in Ise Bay, Kumanonada and Seto Inland 
Sea where various coastal features were experienced in recent year. 

In this report, the author pointed out the few topics depend 
on the special experiment using aircraft and ship. One of the topics 
is the detection of the most effective wavelength for the monitoring 
of red tide in Ise Bay and Seto Inland Se^ And one more topic is 
the detection of characteristic of water mass from spectral distri- 
bution by digital analysis. 

/S ^ m 


Original photography may bs purchassd from; 

EROS Data Center 

Sioux Falls, SD . 


A. ocnsr 4 

fe 1) 




Figure 1 LANDSAT-2 MSS~4 imagery mosaic. 
Sept. 11, 1975 
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2 Techniques 

2-1 Aircraft and Instrument 

Before the launching of LAKDSAT-2, the author started the pre 
observation for collecting the foundamental sea surface data around 
Japan especially in Ise Bay and Seto Inland Sea. In these area, 
air-born remote sensing were experienced several times using three 
types aircraft. Cessna-402 was used for ordinary observation and 
YS-11 turbo jet plane was used for special flight like as long hour 
flight. And helicopter was used for low altitude observation around 
the boundary of water -mass in the mouth of Ise Bay. 

For the purpose of collecting the supporting data, three types 
air-born multispectral scanner were used.' They were' Daedlus-1250, 
JSCAN-AT-5M and JSCAN-AT-12M. Among the above mentioned three types 
multispectral scanner, JSCAN-AT-5M and JSCAN-AT-12M were developed 
by the author's study group in Japan. 

After the successful launching of LANDSAT-2, the author tried 
several special experiments synchronized with the passing of LANDSAT 
-2 over the selected test sites in Ise Bay and Seto Inland Sea. 

On September 11, 1975, a synchronized observation between air- 
craft and LANDSAT-2 was succeeded around Ise Bay and very good in- 
formations were carried out from both multispectral scanner data. 

2-2 • Sea truth data 

Sea truth data were collected by' observation ships. In Ise 
Bay, two types ship were used for observation. One of them was 
hydroboat equipped with data collecting system consisted with vari- 
ous sensors and she was used for daily observation between Toba and 
Gamagori Port acrossing Ise Bay four times for a day. So, sea sur- 
face data like as temperature profile or salinity profile were 
detected easily on data recorder as a pattern. 

Each one time for a month, marine observation ships belong to 
the Fisheries Experiment Aichi and Mie Prefecture were used for 
special observation. In this case, almost environmental' data were 
collected at more than fourty stationary points every time. 

In Seto Inland Sea, data observed by passenger ships engaged 
to daily service were used for analysis as sea truth. And "Red tide- 
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report" by fishing boat to The Branch Office of Fishing Agency in 
Kobe were also used for analysis as sea truth. 

3 Accomplishment 

3~1 Iss Bay experiment 

Ise Bay which is located in southern coast of central Japan is 
connected with Kumanonada: Pacific Ocean through the narrow water 
ways Irago and Momotori Channel. It has the total amount of water 
dimension 2.06 x 10 km . As shown in Figure 1, Ise Bay is divided 
in two parts by Chita Peninsula and western half of it is called 
Ise Bay and eastern half of it is called as Mikawa Bay. Mikawa Bay 
is again divided in two parts by Shinojima located the mouth ‘of 
Mikawa Bay. And small western half iof it“ is called 'as Chita: Bay and 
.another half is called'as Mikawa Bay. 

Along the coast line of Ise Bay, several heavy industrial zones 
were located especially northern part of it like as Nagoya and 
Yokkaichi. Recently, almost area of Ise Bay including small bays 
were rapidly polluted with the increasing of industrial effluent 
from the industrial zone and social discharge through the river 
which’ flows into bays in surrounded area. 

(A) Red tide 

In recent year, we have experienced so many times red tide 
through the year and the total appearance of red tide in Ise Bay 
was exceeded one hundred'in 1975. On January 29, we experienced 
a severe red tide around the mouth of Kiso River in spite of cold 
season once we have never experienced in xirinter around the bay. 

As shown in Table 1, more than fourty five cases of notable 
red tide were reported in 1975 and some of them were not only very 
severe, the scale is also reportable. 

Especially, red tide .-appeared on May 7-8 in Mikawa Bay, May 
26-27 in Ise Bay, August 26-September 4 in Ise Bay and September 
8-10 in Mikawa Baywere very notable cases. Because, on these days 
a large amount of fish and shell were diseased in almost area where . 
red tide were reported. Red tide consisted by animal plankton was 
appeared as' red color pattern usually. But borwn and black color 
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Table 1 Report of Red Tide Sighted in 

Ise Bay and Mikawa Bay (only notable case) 
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Area 

Color 
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Western coast 
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River 
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Bay 
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of Ise Bay 
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April 

7 

Along the west- 

Light 


20 
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ern coast of 

brown 

June 
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Bay 
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Pink 



of Ise Bay 




of central Ise 


Aug. 

26 

Southwest part 

Light 



Bay 




of Ise Bay 

brown 

May 

26 

Western coast 

Brown 

Aug. 

27 

Yokkaichi Port 

Dark . 



of northern 





green 



Ise Bay 




Gamagori Port 

Black 

■ ■ . 

• 

Nagoya Port 

Brown 

Aug. 

28 

Matsuzaka Port 

Brown 



Northern part 

Brown 


30 





of Ise Bay' 


Sept. 

1 

Southwest coa- 

Light 

May 

26 

Eastern part-_ 

Brown 



St of Ise Bay 

brown 


S 

of Mikavm Bay 


Sept. 

2 

Kinuura Port 

Brown 

May 

27 
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Figure 2 Enlarged MSS-4 imagery showed 
, in Figure 1. 



Figure 3 Aerial color photograph around 
red tide area in Mikawa Bay. 

Sept. 11, 1975 
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were also experienced, recently. ■ On July 6 and early septeitiber of 

1975, we experienced green color pattern in Mikawa Bay and it is 
called as "Nigashio" or "Green VJater" in this district. 

Prom early April to late December in 1975,- LAWDSAT-2 passed .■ 
over Ise Bay Fifteen' times . But due ’to the weather, only fev7 scenes 
were obtained in this term. If could we have more good weather 
condition on LANDSAT-2 passing day, we would be pleased to have 
another useful information concerned red tide around Ise Bay. 

As noted before, LANDSAT-2 revealed very efficiency infor- 
mation around Ise Bay and Kumanonada on September 11, 1975. In 
MSS-4 imagery we could find out typical pattern in Mikawa Bay and 
this pattern was estimated as red tide compared with air-born 
remote sensing data. In eastern- Mikawa Bay, 'very notable red tide 
was continued about ten days till September 10 by the report issued 
from Miya Fisheries Experiment. Although . by_ the report, red tide 
was not identified in Mikawa Bay, as shown in Figure 3, we could 
recocognized it in aerial color photograph which obtained by the 
auther. Red tide pattern was detected in eastern Mikawa Bay around 
Toyohashi Port and this pattern was just the same color, broxvn 
reported on September 10, the day before in this area. 

In thermal imagery obtained by air-born multispectral scanner, 
red tide pattern was detected distinc.tly' in the area pointed out in 
Figure 2 and Figure 3. 

Depend on the author's experience, the most effective wave- 
length for the monitoring of red tide consisted by Noctiluca was 
remarked as thermal channel of air-born multispectral scanner. Red 
tide consisted by Prorocentru was also recognized remarkablly in 
thermal channel too. 

On present stage, .we could not carry -out the' thermal' pattern- 
from MSS data obtained from LANDSAT-2. So, the most effective wave- 
length for the monitoring of red tide was considered as MSS-4 in 
analog processing. In another three channel we could not find out 
the pattern estimated as red tide in this case. 

In digital analysis, the author tried enhancement of the data 
to produce a digital pattern of red tide distinctly' in first step. 


7 



t 




SIMILARITY ANALYZED 


t>» 1 - I 

. % j Cl • 

|T- <• > 1 k ■ |»«SSk»MMkla«««|WVN>Ull4ll««t>li(k|,*lk<llVII IC»li«»tnk •(•>! I •Iskll I • *>*<% 

ftl If I K 1 il|4»kKk»V<kkk1>M>kk*M*4<.Ul*<<.;.k><,.k.kW*>1i*<ll>.*>.»«.«k«.l.UL«.L.[<«Lf«. 

.I.....n --- - ■l■^■■ T ■.^^l■■■■^ ^ ■l^■T.,r« iCk.U Mk« p»lkP»»lW 'Xl 1 U5< •♦» 'tbOI'P 

.... ....^ 

, 

4k»*»ksi k Hfclki* k\M kW MbkkkkI k^b*kVHIbktk>Vkk>k>\in >liC<*m<<kkltkM l*b*kXP| 

!^Uvxtti'M\'*’MSkkVI4^4Ui»vv7r^W^4v.kkVlPtvUk%*.k«>iUlk»v.M«Klp.tllltkU.it.Ll...tklk««(IUIJI.Ut»ik«>Mkx>*Mlil> 
,-.vkVV»«»l.l»MMkkHk*4MVk»kWk1>**Vk*kkH»*lxi»k»t »»lk»tk«p<k(fc*ikkf«Xi»*tb«^<«»»Vik>Sk4p“*<b»«k«;4kk«-k<*tk»ttl »kkk»»P kl'HixMt . 
*»U«*'tkH»kV«kk»k»PV»lv*\\S\M»klVk>»kkki»«k«»*»»MkHkki4^bpia»\m«C»Cj»llkUl*Hki»HiC»lk*tt.*|U|.KkH>''t«»xin*k*ki*j 
»p»'k»k4.*iCMX»»W«Mk**lk>tkk'X*»»‘»k*k*»'»Pk*^'kxk^k»i }**J >Mk 

»imkk*koik|kik»ikkbi|M>k>Mn>>u^lAkkiik«iMa»kki t)tkaikVp<U»k#i.«»l»KltciUt»aikn*lk' •'i>n‘t»wiKij»jkLkMii*si'sr»kiik 
*lll<inkll>*'l4Vxlkkklkkklk»l(kkkkk>|kkblf»k*kkbHk>Ca<«ktkkli»kM*(C**'V*«*k'il(**bM«»|1 |»xki';kPklt>i*llkk<tPptkk<«Pik*»H« 
v>'4lpZ.t>.kkkPkk.k<kkl<it\>CMkMVtlktklU«>kktl*kk«(*Uil«tpC.P*U.(..tk«l4'.*«ISlKtUMIrkkk«»l»Ull.kl>kkilikEI1lklk»«l»VMMII« 

• inkk k4j*'V%kP»l«wi«kkMkk*»kikWMkUkikBkki(k)(UVU^tUki<lCMnlMi<k«»1iii<i«««»«Piiii4y«k*klitkiVkim»k«ii«kMk«kkvlkrik‘b 

jpPkmrtlU>»k»f»MMVikrkkt*'pkkMkkU.»**k**»*pMk*»»kS*.«p|p<»*»«*i«k..4k»«*b«‘^*wkk*kk»ii»»k»»«»»«fc»ik»»('_iMkHi«.>.*Pkk*»*k»kn.t«* ; 
kP^kiptikVkl^k4*K*pkkttlkMkWlkk4kkkkVkkf>klk<«k1\«iaJ*IAkiPt<(Sk<<*Pk4U4*f lk«l»t*4bk>Mi>k^M(4k>kKI(»IMI|kOkkk|Pkk|1k|j« ' 

lktWnlk»kbk>»1klk»*»-k>kH»»»*V«*»ISW»»kl>*k*l*M^*'l^kHpWli»kKlHtiUV*'k***i*W< l*^♦kU•*k^kk^WVf |l»tW llkl'kPpkil/kkIV * 
*»|»j«Mkk*»H>JIMk*»>*k-'**WkkWik*v*bk**k»klM»«k^»<*A|»»*Jk»»*»»p»»f«*k*Pk»Ckk*k(ii««»— <t-il«Vfc4pk<iPlOtPVj«v»»kl’P * 

*.kt»t«»kk«Mbks«k»k»MkkOkkMUkbkkVWi'VVPkUklA«1kltk))iliMt*ClpC<»*Pkb^kltW(lk|k*4*C»^(k%%t<CviiL<p>tiCHP<l*k>xl |l<pal|> 
klrkikC ipkkpk«4kkkk4kkklkHWPPiVk4kkkMP44kk4ys|4iJkkTC|k kk««-^-4pk*pCl(kAkMit-kkkl«p »*^pp4(AkCpCP.pP LOTl^kCc mC (C IkApwtfPklkfkA 

kAfckk»«»*PiSki'HM»Waj»1k*'Xk1lkkkkkl"» 4kt»»1Hf U<-*«>l»tpC««»«PCm»tiCV»OM>»K>«» ■i«»|l«»t»<CUkU«pp«p<C»C<HkH>kmi Mk 

^•4kppl44PkkPXkkktXtfkkkklPkkkkXX>Xkk*4Pk4*k4kPkkt<.4C**lpkC£^kp««|»pC*|ttkkkkVC«pP«P**P#«J l«p««*C(lpC*(i«PPPPXp444CkP40f IkPkkIk 

■j«l>kl>tMk\krklll»M4)>kt»*tkUkk9k!l'*kWklt4iUtl(1lkllC4l«|p<»*OV<Klk*k*t4»C«pvCps«»«Pp««»(*»p»p-pp(»««M*p>kCCiCC( i(i i II 

4-Pkll»lp»k«»ii»lMli«m*T>kMi*«»1»«Mkkl»|llUCpCUICCkr,4iMt»kkiMl*k»l— •••••pl«P»UpHP*i»‘»»«»*»«'»«»»*»»»Ctkkni>i»» 
MrkkP«p«<pkpcac»U(*iiklkMfk»»kk«iWkkk<b»»»}tt«k«*>1k«^Mkf(i.lkpk44«>A.lP»«.kkitm«T.1pll,<ppp«4ppp«ppp.pp>M< 
lk«4p<»lk»l«<C<««lpCCC(lktlkMk«*a<k»»>kkll«illilifkU<NC*ISkk(«ktim»kkrkkkk*k-p«p«*pt<4<x>p»» •,p«*p*im pppp 
« •p.y,..*. 

kk}ppa^k»kV»pkpillllKCphkkk«tf«m*44kk•]t*«k«lp>kMlk«P>^)^%kkk•p<•4p.kl’■*^.ll«t4X^4t<ll4Jce||«.,«|>,pp.|p.pl(p.p,, 

Vtki«ll!kkl»«iiCCk*C>p(«1k$lkt»4ksikkkkg)>k»lM]Vl)Cu>p*ikkkp««*kV*.p-«kV|i«p«ia«l((Cp<«p|p««*"«**<<'«ppp< 

J(UI pII I i p <p I • I ip«p4. .......... ... . 

k.'st;iiUiiniKccc*<.awk*Minktis»imkk>MiiM«if««4— -ppC-pfiHimki 
^ 1 PI 4 X 4 ftkpX)alCPlK«C* 4 «t.Ctt 4 *IX 4 VnBkMn 4 kPkP iPP 4 •■■pppa.pa — ■■ i» 4 p 4 .p..p.pCkP^*k *4 < kCCk*. ».| |p.pp*« p 1 * 

b\xll\C>i(kkua(CCirlllC«CkClJkkk5WXa«9lftti Hi»ll IIHIim«.K<»kU IJ 1 1 pp|pIplpplWCti>-ai*»P» 

l».kNu;imk<c<e((ccec*p-»rp«c»t*>kuiMk>«t n cn T T ! 

ii^kUkMkjijuaw^^ j , 

k^\^lkp««>ftaC(Ct<C— (r.C-'CVC.PC p(ukx*l>(*C(f <C4 HU<<--pp *> 4-44. •pp*p<*ppppp* '(Cpppppppp papa ■■kC>> 

>>i«4fSkPt(<i'tiii:tMui'tuiktiu«KCCjiC4»c.iiiMmii»iMi iP4Min«ii<iiiiitt.Minci<cu(cii^iic*ikii.«ik'|mi..t 

wip>iPiPip<f*aP«pU;a«*pa:pCLC»;titccp«cti.*^'i4p;p;pp-pa«p«pp~p-«a — ^p«p«*tp*pp»»f pC»**i«t»»cw«i<‘t*t*P'»nwp'MkXkji-’a 

«.akM.Sj.4,*«l.pa|<-vmUvfrs M 1 1 «aP«vUUI<tkH 1 1 1 inKl.tU Jl Ip I.M I U« I IPlCtll 1 1 lOt.l 1 1 1 llCCV11l»l|tWa.*«MakJ'» 

- - — p5e«i<«pic2<«-:p— pt'-ii-tatcp-cppp-fr— pI-~— 


. ppkxxikkli* 
. IIIMkXPXxX*''* 
pppaaPlIkllrVXiy 
aiapaaCaiklpiati 
,,«||i£kii)v-niit< 

i....4.tr<kkk-p''« 

p.lllllCkllkkl*! 


4ai»««pipppk>i.vj(iipitlMiiviiuniIiiikCHLciiiitiHi<imipiiir*»»iip*r*ii'ui 

*H»a4|lapVpi»p,-t<C— t-4-'«p*Ct— '* 

5iI»»4kW^aiNKMi«iUiit5tE|«iiitii<unK*kKiT«uMUp.iiiMkiair*iiutpijpiiiPkiikiiiinp;;Vka4tiik*Mj»i' 
pr.rtarikk%lp«trpU<«-<..-<k.fmC.«-t<— 7 ^*.-p;p £;;•*— *;Ce—p—‘ f—r. r.r.kk.pr«iip«*i 


..liriMpppiplll^ rvlk«xi»iiijk>sci«iiiii'‘i 

...6 .4....(.aU(k>i«kytPi«i.*kiiki)4« 




iir..vvii-kkkv.a.c-icckc<ck-c«^<cc«i.4c»ii£~<c.4«.. :T*‘;''^’‘*5555iKtU!;!t 

kaP . k%pk%Mla«lk 4 jaLf aft 4 PkCCp^vf«XtfaalkkP«kUaCaCa«PpaPa*kaaapap«vpra«*pak**kM^wpp.appaapP| aaka* 44 *PV(Tp ■ k|k Tikkip *pp*P 9 J.?r 
k^TMkkWkkkXMfXT-Jf «O.H ttll,I*fk|l|WliyA«*aktlPI( ll«|<»tlPU |p-H«fi|al«l»pJ»pllUppMp|p6-IIIIJP<lJII«J<‘l»kV»1kk«C«J1’|«» 

4Pr».|,kll'PLlkNkkM*i»,Ut«<tLpt-4.£»kl.»— -.aa.tCP.ta«alPkl»P«1aM1*»Pl 

tlptL* IjTI kpkwk a.1 VXM<ir<.pCt»a.fHt»a».a m a.*tn—» «K»*» 

«k*|a<«k»XpTaVPP>kP‘>»'X4lai7t{i.kk.U'vltl*ICtn.P>d I l| ll 1 1 1 lU iVa P Ml I haatpl I M> PaU««l I. I ll«p 1. 

• .*»p««.|t|tlrm>l)l<a)y<<ka<Pkl>ak-»C( kk.«w— !'«-tl.*-»<*»P-*P-~a-al»*-—*— •— 7— 4X-»'—« 
ppkC*»'4«*tkfl*t^k<Pi'r»lPv‘PlCf*li*'**«’W.»««-»»'»^t*.t»k'- 


p-p'«p>^k\iiie£LimLtitLKtc]tiiiiiiiii 
U»*p(ltPP>.Nmi>*iNri**«i.c.ru<.C‘\ipC«4pi— •' " - 

|ii«S».«Mt>kt-kMiMtfP«l»4 \U I.Cp.Cp'x^xCC'.-xo'**' 

|.i,kt4.|.p^x«.<n.>Ppk«..k^<i««'(LlPkWI<l]'"- 

4(Ubi|pkUUi'4kPltyUtl’i«aMCi,k«UtC>L< 


't»Pl*«»llSi*y|kxk>l1k1NI 
••aa.1k>|1ka-CCICP|k313lkH-ri(V* 

.|•P.»l.kP•»<Cll«k«pk^<•»Sk■xky'a 

i«*p*p|p(«i>kk>itkmni9kyii)‘ih< 

Ba*pCkaaP(kllk<kk'VkXk.»nM«yry 
..IaiippPil>IippUpMppii*alattk*'ti<iii<ii'ikii!ikiM kui^yakixi 
..aallp.m .IPPlPPPlP.PIpal -s*,vk„.ntlk*Wal*»k1»klU'lW« 


■ l>.kk^aPaLLra.Lkl* 4 lpC* 4 .l— ••aCa*«aa>pCaaaaa— ~M.Baa>~-p~>.««aa.pa«*PP***<S%«kPl*IT<lllPM<xkltk 1 kklMk<ty 1 « 

!l:l«ll!vuLepic.'xi!i£~..-C,I:t-Z.-.pj.'.i.-p-a..i-i.,i.~.-i--I-pi-- *i'm-k-..-i.i.c9»ikkk9k»»Mxkk«ir*4 
,.{'k'."^<.«.'CLlPkWI<19IKI.JllalppMI|!il...tt.lp..aaUn>Uaat.al.lll|(rk|U3pC|<p|IC|{<|tnkk1lil«l>ktf|t>PI 


UUpHlMkkl'tkklPikxpiXkk 


k.a . fiil^>.i< 4 a%«.’kN.aw;»ak-xpak«r aaappp.f p-.«~ap.a»«^i ' <a.k,,St..C(>. 4 .C;«p.kk*Mlf.kk>k<i«k«kx«pias 

-I. .. ...a apCCp|ikCP<*«a**«*a**«P«aaPp>*"l>p««~p4<«>**'^*^’**'**P'C(I (t kX| K'kkakk'PUPtCCklkktVll |(\1 1 >T 

•kvppkPk p- 


kpCC«iikCp«*«***«****«p<Bapp>*~i>P«^p 4 <«>'«^*«>««p>-'C(t'iAxip(«ky.i<x'PU 4 (cciii>k>k 

,kpa 4 tf\ 4 k'<^«p»p'««pp>p«pp<*— i«-~'P-pa*~p~kk — .-- 4 .--»p(k<<i'pP'>kPXi->Pk< Xl« 1 k>kkPks<tP..rp.. ... 


kir.^ 

.1— •p.pppp»p*k, ........Maap.Pa— VPaPP^p* .apt »iMkkl.V.»PP»* « •p^.^,t»KI<%N<l'Pmv^P\J |1 II-pix- VP^THkyaPtliat iI I 

a..«..P... a..^....p . ...4 a aa.ap aa ..as a .aC- • • P .fcPpk** aX Pall »«l < (,«ital J kk» H-pPlkVPVlPStVl S ISVm.k W kVk ' » Pal »P • ' P •< •• 




Mlk|f‘.‘'uOilll.i^’ikPHap«Wp',<il<«iIiwH»kH’»iiilU.'PS»sjpxijK>k>'ii,Vli»(<l HI»j|lKj 

pa^«a.p«» r*aa-ap.a.« ,aaaiakaaa< lixypi a.pa 1 P'<ka'»tr«kapP»'rp«p-»lP*<ff<,l'Pk-i 

p,aa •aaa.aaa ka. Pk'aaaPaa ►• » f mVtVPa *tP aW »XXJ P a C »»*«»>IP pf t k «p » Plf^Jk^ < t ' ' "P »ltp p£ •>*“•*• ^ 

UapIPtti * alMUi'lp.laJ III! lky»X>Vk>*«k-»l1’r<«»^lN^kltkIU'lVlkfli»‘ “ 


« Vkllpj 


'IlfclPMp 


a .a..a.a,.a.aa...- _ . .... „» ,,sS»^S»»VI«tf,k -akiS kV.C fp »T< l <£ • 1 1 k'^Nk^lS* I 

aa..MP..aaa..aaa— .a. .a«a aaaa •■•.*.aaa,a*ikl'XP»ar«»iVrtV*Wl'kpaa-.4'i.S<0»W'HVrl>inV<1 P''.aplaaa. 
pip’ta. pp’l a PP a 'n *14111 * ’ , ,k 1 1 * I IV.iPkNN l^^Xp^W••• *x**PVirfctPiltU pj»-p» 

paaplaa%paanppa™apa aaa. pa aP pap 4 0< ikx\4 taXVk • P«Ai>P!<k IkkSkwIf i' T>'«X k AM P Ik 

i..*:.p'p • a.’i a ppM *• • I'pptlika ll|'*lVP<THA»x>*kM>*»»a‘‘kkakrkSP i a- 

,.‘p.p ... .pU.p..p.-pp a a..*aa.*a. aa> ak |X -a k"l-.a»PVl'« . Vkkk 1 HI ttpk.aa.apH*!'" • P PPj • PPaP P • 
a apPapaaaa ,a,aaa piaap *aaa aaaa p apa^ pP PWfrxkSkXxNIkrk-kp* .•vltkaaita',# *j>k» ^a.aap* ' 

tl,a la.I.Ili'^!.lL.,ltaaila <ia!iapatk>l'«MHM.'kkX»l*»*»»»|Vp'nUl «ppfP»V>| fVaa a;a 

•p«, a, a pppppaa a aPapaat a'lP'UAMIri A ipppai, t P pHTap*k;.«'kapp<M>,a,p aa p» I pp 

|,,i pp'aipill * SH1|lilpv.v<a,a.PkHppkl«H**Axk4*''f''^Yj*^j7''«* "' 

ia . appppaaaaa .paaapaaapaa a a ll k| aSa«k U;v«kP WA 1 P-xnVkVp<PVk l^ap'^ ipppppp p»p 

aaa aap apataaa aaaaa ••aapaaa pa.a-i**k> k*» •••» .■kryf 1 \»V\'»a»‘» plP*IINVa‘V 


t..M*.'l* II. I 


•apppkPP^^ktlM P1itPt\«^Tlf*£*>* 
pppa*»kS’lWlP ♦■HVI'rtppUp^fl 
l|p| >«apppaatPk4««krt.>*Pa.f M 


PA.pPL tlUlK.p. .pl.ppp 

(p(U*aa,aaPp.a .pp. 


rSuiiiiiMU . 


I p 


MIKAWA BAY 


.*ap— — 


Pp'*.,»ltlUl I'- 
pp-*'..i.uiiin*' 


,apl|ppaa)il«Hri»k.. 

■ i.pp.rpapiiriivppa. 

a.Ulkhll*< 1 l(«< 


„. CHITA ::::-;ii.'Ji::!!:;t!;:::::::i;;;“:::l“;;::i";;i::::” ;•■; 

- a”a — I.ppI -P.aaap.aa^t p t pVUCIC iP I II I IJ 1 1 1 11(91 1 1 ,{ 


BAY 


,.aa«a1l.. 


IIUKIKd)** 

~II|IC< ('p(,pa«» 

aal ] I ftlPXP.ta.PPPP 

ipppp-ilkLiki iapppppiiiatp-p 
,p ippat I |pppa<ka,f , ip.p 

llltkfpBaaClllpPPa aaa.aaap 

Ihl||ppp>tki'p*p« «p»pppaa 
PP P <k pa PkCaP I |a* pp P Ppi'% ■ 

fPPp(k>P|.(PPi|P*aP aPa.**p. 

PBPP^(iapi'Sllpp*P*PPP pppP 
•P ♦p(pP*»kpHpp'*ppap pppP 

atfp(fckP««4pkCp*IlaiM*P«Plt 

p,P iCPlIPpkk^llp, ■■- 


f«>lU((ClpIIUUil 



,apPp|i(|,4,,ppipp.v(Ck«kPP 
kPI ppp P ipptppPI la I rikkLklCV 
pp>*app..rP.aP<a«l'4*9AI>(( 



tpptpUII'-tippppIl^OlpXppi 


.•■Ull 

• 

■a.«--P...|lpp(k 

p.At''**ppppl|pp(C 


.IlkVPV 


littlxp 


,i(kpwk,t|p|Mpp«P 

|Pa|9aaap«,(k||ap 

,ap||aaaPaaCkilpp 


|P>nlk**p***'*IPp<PPPP*PpppP«*it*»***Pp||pP4aatP>pPpapPpp**P»piPPpppppPppMtpP«p 
,p PI I, til' PP IP’ ■*''*p||**kP**'*Mllii*'P*pptii*p«PPppiPPp<aapppt|PPpt'«t>!!kV'»k 
• IPI<laillPPplla(**kHaliplttPPIPtiiipp<'p»Paptltp.at|.ipP.>a,»ip|.PPpa<P.tilpalPP 

I* I i«k*MIPiaa,pPP»tP*tp|ppppptp||(\kMP|tpr«t||P*||||M)k 

■ P*"lMl||Pp||pp«'l|P*||lktl*****’**|k******MlM'P**p4p(lk(«>IPPrX*||**l||l"'l 
i>«lllJi(l|pi'*''p>l|PPiM'««lM*llt4«"M*itp|itp.ptPP*Pp>at»l****AlMMpp 
IPpII I llPllll'•♦•^lPP••ll»♦^Pl^'*l^^pX••'••ap^^Ma»PPPP•»p^PP»^k••►pl'a♦t^pp 


ptpPPPk** 


IPU**iiPPp*"' 


.-|ialk<pa,.ll*«l!ppC.*< 

>ami.p(a<,p1l*P||ppUa. 

'pvC,,Hp-,...p-.||ppJ»,p 
»((p.t1**"p'**l l~llp« 
tpir n^k*"(u«».p*' 


j- 

•"'p.im"Cv«x 


<«I'H 

»<•«« 

Mlf>rik 

Mtvirik 

ftkltakkaPIlaP 

ppiMjaiiiipp 

MPtPfilllPkllaa 

lll»»tllllllllaa 

V«(M(pkPP*pP*CCkl(( 

V<ia»t«Va>..Pl{((PkP 


miiip'ppppppi 

iiuitppptpppp 

aalUMPpa«p**k|M 

tpL.pVPPppP>*»|t** 

► P>ppp— aallapItPlpt 
_ rpk*«***‘*li*'iilipt 


ISE BAY.:::iiiii;i;EH 

..pPppii.paPpPP 


•PUPP 

IlllklP' 

hiK<»< 


Figure 4 Print maps of LANDSAT-2 MSS data showed in 
Figure 1 and Figure 2, 
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and as shown in Figure 4, two print maps were printed out. Compared 
with two print maps, red tide pattern pointed out in Figure -2 and 
Figure 3 was produced more clearly in similarity analysis. Although 
red tide pattern was detected in enhanced MSS-4 print map, it V7as. 
not so distinctly in eastern area of Mikawa Bay. But in similarity 
analyzed print map, we could recognized red tide pattern very clearlly 
(B) ’ River effluent 

In Figure. 4, another-r.pattern.' were' recognized In. Chita, Bay and 
Ise Bay. And these patterns were estimated as influence of river 
effluent from surrounded bay. In Chita Bay, river' water polluted 
by suspended substance from Yahagi= River influence its environment 
very much. ^ By the report of Environmental Department of Aichi 
Prefecture, the normal account of suspended substance at the mouth 
of Yahagi River was 45 in 1975. But after the heavy rainhing, it 
exceeded more than 100. So, white-colored river water from Yahagi 
River influence near the mouth of Ise Bay, 

In Ise Bay, a large amount of river water from Kiso River and 
Nagara River influence severely, especially after heavy rainning and 
anti- clockwise flow was recognized in past observation data. The 
normal account of suspended substance at the mouth of Kiso River 
was 39 and maximum account was 130 in 1975. On this point of view, 
we could : recognized that Yahagi River was more polluted than Kiso 
River by suspended substance. Figure 5 is typical expanding pattern 
of river effluent from Yahagi River which obtained by air-born' 
remote sensing after rainning. 

In similarity analysis, analyzed data was displayed on color 
display system and classified by color code' as shown in Figure 
6.' Namely, when standard point was set at red tide area in Mikawa 
Bay, similarity analyzed image would be display as right image. and 
if standard point was set at the polluted area by suspended sub- 
stance at the mouth of Yahagi River, color coded pattern would be 
display like as left pattern. In these imageries the most simila- 
rity area to. standard point were showed in red color and color 
correlation was 1.0 in this stage. Between- blue- color- and red color, 
■the color correlation was set up five stages and the account of 
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Figure 5 River effluent from Yahagi 
River in Chita Bay obtained 
by JSCAN-AT-12M multispectral 
scanner . 



(A) I ' '(B)] 


Figure 6 Similarity analysis for red '-tide 
in'Mikawa Bay and river effluent 
from Yahagi River indicated in 
Figure 1 and Figure 2. 

(A) Similarity to red tide. 

(B) Similarity to mouth of Yahagi 
River . 
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Figure 7 Similarity analysis for river effluent 
from Kiso River indicated in Figure 1. 
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correlation was divided to each stage 0.25. By the same technique, 
the author analyzed the MSS data and standard point of similarity 
was set up af the mouth of Kiso River. And as shown in Figure 
7, typical correlation pattern was produced around whole Ise Bay 
and anti-clockwise flow of seawater in Ise Bay was recognized from 
the pattern. River water from the Kiso River and Nagara River 
flows along the west coast of Ise Bay towards south- In this 
case,, the.' characteristic of sea water at the niouth of Ise-Bay‘ ■ 
was estimated that just the same to river water from Kiso River 
in reflectance. So, it was considered that a large amount of 
river water from the norhern part of Ise Bay and western part of 
Ise Bay where Kushida River and Miya River flows into bay after 
rainning was transfered by current which flows along the western 
coast of Ise Bay towards the mouth of Ise Bay and also dam up_ 
against oceanic water from Kuraanonada. The boundary of 'polluted 
water from Ise Bay was estimated as 15 kici from the mouth of bay . 

3-2 Kumanonada experiment 
(A) River effluent 

River effluent from Kumano River was noted -as much pollu.-=- 
ted by suspended substance and it was caused by the construction 
of dam for power plant along the river side of connecting upper 
river. By the author’s previous report river effluent from 
Kumano River v/as recognized that it influenced more than 90km from the 
mouth and it extends to southern part of Kumanonada near Kuroshio 
Current. In Figure 1, river effluent from the Kumano River was 
well detected in MSS-4 imagery and it seem -to be connected with 
big eddy located at about 180 km from Shionoraisaki in southeast 
direction. So, it was the most expanded pattern we experienced 
through the LANDSAT-1 and LAND'SAT-2 investigation.: 

In this experiment, the author tried enhancement of the data 
and displayed as composit false color imagery using two channels 
data. Figure 8 was a false color imagery consisted by MSS-4 in 
cyan color and MSS-6 in red color using digital processing- 

compared with analog processed imagery showed in Figure 1, 
the pattern of river water from the Kumano River and eddy considred 
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Fxgure 8 Color compos it image by digital analysis 

indicated in Figure 1 and location^ 
or cold water mass xn Kumanonada 1975. 
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as cold water mass caused by up welling. 

(B) Cold water mass 

In early June of 1975, a cold water mass in large scale was 
suddenly appeared off the southern coast of Kyushu and this cold 
V7ater mass was considered as the effect of up welling. On the 
beginning of August, the cold water mass was shifted its position 
and located at the position of 90 km from Shionomisaki in southeast 
direction. Then the cold water mass changed its shifting course 
to southeast direction and the'. center position of it in early 
September was 180 km from Shionomisaki in southeast direction. 

The boundary of the cold water mass was expanded as two times 
compared with the scale in August. The water temperature at the 
depth of 100 m was 16°c and at the depth of 200 m was 12° c in this 
time. These temperature were 5°or 6°c colder than at the same level 
in Kuroshio Current. 

As shown in Figure 1 and Figure 8, a large scale of eddy was 
recognized distinctly and its scale was more than 30 km in major 
axis. The reason why- this eddy was recognized in MSS-4'was esti- 
mated that depend on the spectral distribution in this area, the 
characteristic of water mass was identified as just the same to the 
water in Mikawa Bay where red tide was prevailed showed in Figure 2 
and Figure 3. In the area where up welling was recognized, the 
distribution of plankton was normaly increased against to surrounded 
area. Indeed the characteristic of water consisted the eddy was 
carried out through the digital analysis as shown in Figure 9 . 

By the effect of similarity analysis in Kumanonada experiment, 
river effluent from Kumano River and eddy caused by cold water mass 
were v/ell recognized more clearly in case of similarity point x^as 
set up in Mikawa Bay. Compared with two color coded similarity 
patterns, the one its similarity point xras set at the mouth of 
Yahagi River in Chita Bay was not so distinctly against above men- ■ 
tioned another one. Namely, the pattern around eddy was more simi- 
lar to color composit pattern showed in Figure 8 . And river efflu- 
ent pattern from Kumano River was also very similar to color compo- 
sit imagery in the same analysis. 
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Figure 9 Similarity analysis for river water from Kumano 

River and eddy indicated in Figure 1 and Figure 8. 

(A) Similarity to red tide in Mikawa Bay. 

(B) Similarity to mouth of Yahagi River in Chita 
Bay. 
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Prom this point of view, the river effluent from Kumano River 
considered as much polluted by suspended substance in analog pro- 
cessed imagery was recognized as not so polluted by suspended' sub- 
stance against the author's estimation. The characteristic of 
water extended from the mouth of Kumano .River was confirmed as very 
similar to the water in Mikawa Bay than to the water around the 
mouth of Yahagi River. 

(C) Coastal current 

Influenced by abnormal flow of Kuroshio Current, coastal 
current along the southern coast of Tokai District was consider- 
ably changed its flow pattern in 1975.' .As shown in ‘Figure 8 
meandered Kuroshio Current was closed to coast line against normal 
condition, when cold water mass was appeared in Kumanonada. 

In Figure 1, we could recognized the expanding pattern of 
river effluent from Tenryu River which extended to southeast dire- 
ction. Along the coast line of Enshunada, coastal current flows 
westwards as the countercurrent’ of Kuroshio Current when Kuroshio 
Current was not meandered at off Kumanonada. So, almost typical 
flow pattern of river effluent from Tenryu River obtained from 
LANDSAT-1 was extended to westwards . 

But in this case, the expanding pattern of river effluent 
from Tenryu River was nearly opposite direction and the reason xvrhy 
coastal current changed its flow direction was estimated that 
due to the large scale meandering of Kuroshio Current, a warm core 
was consisted off the mouth of Ise Bay and influenced by it, Kuroshio 
Current was boosted up to shore line abnormally and coastal current 
as- countercurrent was disappeared. The movement of coastal area of 
Enshunada was changed its direction towards east by strength of 
Kuroshio Current. 

3-3 Seto Inland Sea experiment 

2 

Seto Inland Sea which has a total water dimension of 22,000 km 
is located in wester Japan. and it is the biggest inlet in Japan. Due 
to the increasing of industrial effluent from coastal industrial zone 
around the Kinki, Chugoku, Shikoku and Kyushu districts where newly 
developed kombinat like as Sakai Takasago, Mizushima, Ube, Sakaide, 
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Niihama and Ooita were located, sea water in Seto Inland Sea was 
rapidly polluted and its environment was seriously bad condition. 

(A) Red tide 

According to the report announced by The Branch Office of 
Fishery Agency in Kobe, the total appearance of red tide was exceed- 
ed over three hundred times in 1975. By the progress of red tide 
appearance in Seto Inland Sea was very rapidly. in 1950, just one 
quater century ago, the total appearance of it was' only few cases 
for a year and the appeared area were restricted in Osaka Bay and 
Harimanada only warm season. But recently, red ‘tide appeared 
through the year and erea red tide appearance were- reported expanded 
almost area of Seto Inland Sea. • • ' • ' 

In this experiment, MSS data acquired on December ' 30 , 1975 was 
used for analysis both analog and digital processing. From late 
December of 1975 to early January of 1976, severe red tide consisted 
by Skeltonema were reported by fising boat around -Harimanada. In 
Figure 10, several patterns indicated by black arrovrs were estimated 
as red tide patterns and a considerable big pattern was detected 
in MSS-4 imagery aound off eastern coast of Shodoshima. During the 
investigation term, the author tried air-born remote sensing for 
the purpose of monitoring of red tide using multispectral scanner 
around Flarimanada and Osaka Bay. 

Although the appearance mechanism of red tide was not yet • . 
analyzed clearly, the most effective wavelength for it was recog- 
nized as thermal channel in these area. through the observation. 

In digital analysis, the characteristic of water' mass around 
Harimanada were carried out and similarity analysis was also in- 
vestigated around the shodoshima area as shown in Figure 11. The 
characteristc of water mass was ‘ identified in data distribution- ' 
patterns. Among the three channels, MSS-4 was recognized as the 
most effective wavelength for the monitoring of .red tide in data 
distribution. The standard reflectance count’ for not polluted 
normal water in Seto Inland Sea in MSS-4 was 9.2 in this case and 
its deviation was each ^ 2. But the center of data distribution 
of polluted water at the mouth of Kojima Bay and easterm area of 
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Figure 11 Print out of similarity analysis of red tide 
showed in Figure 10. 
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o korm^ VTater in Seto Inland Sea 

° -o Red Tide in eastern area of Shodo- 

shins 

^ n Entrance of Koji^’Eay 


Figure 12 Spectral distritution of 

MSS data around Seto Inland 
Sea. 
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off Shodoshima v?ere situated around 12 counts and these pattern 
were very similer to data distribution at red tide area in Mikawa 
Bay indicated in Figure 6 . And the deviation of count were ± 2 and 
ust the same to not polluted water. In this point of view, the data 
distribution' at red tide area showed in Figure 12 was recognized 
as typical distribution pattern and it was very, effective to digi- 
tal processing especially ’ similarity analysis. 

3-4 Hokkaido, experiment 
(A) Sedimentation 

Along the southern coast of Hokkaido between Tomakomai and 
Urakawa, typical expanding pettern of sediment was detected in MSS-4 
iinagery as shown in Figure 12. As indicated in the author's report-^ 2 ) 
MSS-4 imagery is very effective to .detect the distribution of sedi- 
ment, especially suspended’ sediment from the river. In Figure 13, 
expanding pattern from the mouth, of Saru River was extended to south- 
west direction more than 15 km long. Saru River was noted as pollut- 
water with suspended substance and density of it is more concentrat- 
ive compared with surrounding area. Namely, the river water contains 
so much suspended substance on normal condition, the river was named 
as Saru River.. It means river which flows, sand in Japanese. 

; Along the northeast coast of Hokkaido betv/een Monbetsu and 
Abashiri, the distribution pattern of sediment was recognized in 
MSS-4 imagery as the index of shore current in this area. At the 
outside of Lake Saroma, a round-type pattern indicated black arrow 
x\ras detected and it was estimated as sediment bulges out to the sea 
through sandy shoals which consist the outside bank of Lake Saroma. 

4 Conclusion 

The objective this study have been to analyze the marine environ- 
ment in coastal area through the use of MSS data obtained by LANDSAT-2 
2. During the .LANDS AT— 2 overpasses, air-born remotesensing and sea 
truth data have been collected for compairng and confi3aning of coastal 
phenomena around Japan, The major conclusions that have been des- 
cribed in this report were as follows: 

{!)• The most effective wavelength for the monitoring of red tide 
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was recognized as MSS-4. 

(2) In digital processing, similarity analysis was very effective 
to carry out the imformation for coastal phenomena' like as red tide ' 
and suspended substance. 
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